Introduction {#s1}
============

SCC is the second most common periocular lethal tumor, usually affecting the eyelids, eyebrows, and canthus. It accounts for 5%−10% of all eyelid malignancies ([@B1]--[@B6]). It ranks after basal cell carcinoma (BCC) in periocular tumors but is more aggressive than BCC ([@B2]). SCC is commonly the result of prolonged ultraviolet radiation exposure and sometimes progresses from actinic keratoses ([@B7]). Therefore, SCC is more common in people with light skin, and incidence increases with age and geographic distance from the equator. Such tumors usually present as a scaly hard lump or a flat sore on an old scar. When SCC occurs in periocular skin, it may spread into the orbit or metastasize to the regional lymph nodes, leading to significant mortality if not treated in time ([@B1], [@B8]). Although the mortality of periocular SCC is low overall, extensive orbit invasive SCC may lead to the patient having to undergo orbital exenteration, which greatly affect the patient\'s vision and quality of life ([@B9]). Moreover, orbit invasion means a higher T stage, which has been shown to be significantly associated with local recurrence in a previous study ([@B10]). In addition, the presence of orbit invasion is a histopathologic feature that suggests aggressive behavior of the SCC and usually shows a worse prognosis after operation. Currently, the diagnosis of orbit invasion is determined upon image examination of patients with significant orbital invasion, and for patients with insignificant orbital invasion, postoperative histologic examination is needed. Accurate estimation for the presence of orbit invasion before surgery can help surgeons to choose appropriate surgical approach. Also, high-risk patients need more radical management and closer follow-ups. In this context, we aimed to explore clinical characteristics related to orbital invasion. However, there are no studies on the clinical characteristics related to orbital invasion to date. Thus, it is necessary to explore the clinical features associated with orbit invasion and pay close attention to high-risk patients.

Previous studies in Caucasian populations have shown that, in order of frequency, SCC occurs primarily on the lower eyelid followed by the medial canthus, upper eyelid, the lateral canthus, and the brow ([@B11], [@B12]). However, the frequency of SCC lesion sites in Asian populations has not been demonstrated. It is also not known whether the lesion site in periocular SCC is associated with the risk of orbit invasion. The identification of correlations between orbital invasion and clinical features, such as lesion site, will have significance in guiding whether further imaging examinations should be performed and the choice of surgical methods.

It is necessary to develop a prediction model based on preoperative clinical data incorporating factors related to orbit invasion. Among all available models, nomograms can provide evidence-based and personalized risk estimates facilitating management-related decisions and prognosis assessment. Thus, based on this model, our intent was to investigate the clinical features potentially associated with orbit invasion in patients with periocular SCC.

Methods {#s2}
=======

Patients
--------

A case-control study was applied to determine the relationship of orbit invasion with clinical features. The patients involved in this study were identified through a search for the terms "SCC" and "ophthalmology department" in the pathologic database at Ninth People\'s Hospital Shanghai Jiao Tong University School of Medicine between January 2005 and August 2019.

The inclusion criteria included: (1) patient with periocular masses, and (2) postoperative pathological findings of squamous cell carcinoma. Ninety-five patients with periocular skin SCC were identified. Five patients with conjunctival SCC were excluded, leaving a final sample size of ninety patients. This research was approved by the Ethics Committee of the Ninth People\'s Hospital affiliated with Shanghai Jiao Tong University School of Medicine. We obtained informed consent from all patients to use their data for research. Patients did not receive financial compensation.

Clinical Variables and Tumor-Related Variables
----------------------------------------------

The clinical variables involved in this study were presented in [Table 1](#T1){ref-type="table"}. The data collected included age, sex, laterality, HBV infection, diabetes, blood glucose, hypertension, site of the lesion (as outlined in [Figure 1](#F1){ref-type="fig"}), and lesion state. Other tumor-related data, such as surgical approach, perineural invasion (PNI), and pathological grade, were also reported ([Table 1](#T1){ref-type="table"}). All surgical specimens underwent routine histopathological examinations performed independently by two pathologists. Whether orbit invasion occurred was determined based on postoperative pathological results.

###### 

The demographic and clinical features of patients with orbital invasion and non-invasion.

                           **Total, *n* = 90**   **Orbit invade, *n* = 33 (36.7%)**   **Non-invasive, *n* = 57 (63.3%)**   ***P*-value**
  ------------------------ --------------------- ------------------------------------ ------------------------------------ ---------------
  Gender                   --                    --                                   --                                   0.895
   Male                    51 (56.7%)            19 (57.6%)                           32 (56.1%)                           --
   Female                  39 (43.3%)            14 (42.4%)                           25 (43.9%)                           --
  Age (year)               68.78 ± 14.37         62.94 ± 15.13                        72.16 ± 12.87                        0.003
  Laterality               --                    --                                   --                                   0.801
   Left                    53 (58.9%)            20 (60.6%)                           33 (57.9%)                           --
   Right                   37 (41.1%)            13 (39.4%)                           24 (42.1%)                           --
  Diabetes                 10 (11.1%)            3 (9.1%)                             7 (12.3%)                            0.643
  Blood glucose            5.37 ± 1.43           5.45 ± 1.57                          5.37 ± 1.43                          0.580
  Hypertension             18 (20.0%)            7 (21.2%)                            11 (19.3%)                           0.827
  HBV                      --                    --                                   --                                   0.805
   HBsAg (--)              62 (84.9%)            25 (86.2%)                           37 (84.1%)                           --
   HBsAg (+)               11 (15.1%)            4 (13.8%)                            7 (15.9%)                            --
  Site                     --                    --                                   --                                   --
   Upper eyelid            38 (42.2%)            8 (24.2%)                            30 (52.6%)                           0.009
   Lower eyelid            30 (33.3%)            13 (39.4%)                           17 (29.8%)                           0.353
   Medial canthus          15 (16.7%)            10 (30.3%)                           5 (8.8%)                             0.008
   Brow                    8 (8.9%)              1 (3.0%)                             7 (12.3%)                            0.250
   Lateral canthus         7 (7.8%)              2 (6.1%)                             5 (8.8%)                             0.712
  Bleeding in the lesion   29 (32.2%)            13 (22.8%)                           16 (48.5%)                           0.012
  Perineural invasion      13 (14.4%)            7 (21.2%)                            6 (10.5%)                            0.165
  Surgical approach        --                    --                                   --                                   \<0.01
   Wide local excision     21 (23.3%)            3 (9.1%)                             18 (31.6%)                           --
   MMS                     47 (52.2%)            8 (24.2%)                            39 (68.4%)                           --
   Orbital exenteration    22 (24.4%)            22 (66.7%)                           0 (0%)                               --

*Continuous parameters presented as mean ± SD, categorical data as n (%)*.

![Location of periocular SCC. Numbers and percentages of patients having lesion at the upper eyelid, the lower eyelid, the medial canthus, the eyebrow, and the lateral canthus.](fonc-10-00564-g0001){#F1}

Statistical Analysis
--------------------

The analyses were performed using SPSS (version 24.0, IBM, Armonk, NY) and R version 3.6.1 (The R Foundation). We reported the frequency (percentage) for categorical variables, mean (standard deviation) for normal-distributed continuous variables, and median (quartile) for variables without normal distribution. We first analyzed the clinical features of patients with and without orbit invasion by chi-square tests (categoric variables). For continuous variables, student *t*-tests were applied if variables were normally distributed while Kruskal-Willus tests were used for highly-skewed variables. In order to determine the association of recurrence with orbit invasion and other factors in patients with periocular SCC, we also calculated the hazard ratios (HRs) and 95% confidence intervals (CIs) using cox regression models. A value of *P* \< 0.05 was considered significant.

To explore the independent impact of the clinical characteristics for orbit invasion by SCC, the significance of each variable was assessed by univariate logistic regression analysis. All variables significantly associated with orbit invasion were suitable for stepwise multivariate analysis. We then analyzed lesion location, age at diagnosis (10-years intervals), and lesion bleeding as the three most likely risk factors for orbit invasion by using multivariate binary logistic regression models. We calculated the ORs and 95% CIs, and a value of *P* \< 0.05 was considered significant. Based on the multivariate logistic regression analysis results, a nomogram was formulated using R\'s rms package version 3.0. The nomogram scaled each regression coefficient based on multivariate logistic regression to a scale of 0--100 points. The variable with the highest absolute value of the β coefficient was assigned 100 points. Independent variable points were added to get the total points and a predicted probability was converted. The prediction performance was measured by the consistency index (C index) and calibrated with 1,000 bootstrap samples to reduce the overfitting bias.

Results {#s3}
=======

Patients, Tumor Characteristics, and Treatment Data
---------------------------------------------------

Among the 90 patients enrolled in this study, 51 were male (56.7%) and 39 were female (43.3%). The average age of diagnosis was 68.78 years, whereas the median age was 69 years (range 24--100 years) ([Table 1](#T1){ref-type="table"}). The average age of the male patients was 66.98 (±14.45) years, while female patients had an average age of 71.13 (±14.11) years. However, this sex-related age difference was not statistically significant (*P* = 0.175). Orbit invasion occurred in 19 (57.6%) male patients and 14 (42.4%) female patients. There was no statistical relationship between gender and orbital invasion (*P* = 0.895).

In this study, SCC seemed to have a higher probability of affecting the left eyelid \[53 patients (58.9%)\] than the right eyelid \[37 patients (41.1%)\], but this difference was not statistically significant (*P* = 0.092). The locations of the lesions are detailed in [Figure 1](#F1){ref-type="fig"}. The most common site was the upper eyelid \[38 patients (42.2%)\], followed by the lower eyelid \[30 patients (33.3%)\] and the medial canthus \[15 patients (16.7%)\]. The remaining few patients developed lesions at the eyebrow \[8 patients (8.9%)\] and the lateral canthus \[7 patients (7.8%)\]. We have found that out of the 38 patients who had lesions on the upper eyelid, orbit invasion occurred in only 8 patients (24.2%) (*P* = 0.009). While SCCs that occurred in the medial canthus were more prone to orbit invasion; for example, of the 15 patients (16.7%) who had lesions on the medial canthus, 10 patients (30.3%) suffered orbit invasion (*P* = 0.008).

Ten patients (11.1%) had diabetes, of which 3 patients (9.1%) had orbit invasion, while the other 7 patients (12.3%) were without orbit invasion (*P* = 0.643). Average blood glucose on the first day of admission was 5.37 (± 1.43). In patients with orbit invasion, the average blood glucose was 5.45 (± 1.57), while the average blood glucose of patients without orbit invasion was 5.37 (± 1.43). This difference was not statistically significant (*P* = 0.580). 18 patients (20.0%) had hypertension, of which 7 patients (21.2%) had orbit invasion, while the other 11 patients (19.3%) were without orbit invasion (*P* = 0.827). 11 patients (15.1%) showed hepatitis B virus (HBV) infection, based on the fact of the hepatitis B surface antigen (HbsAg) positive. Four (13.8%) of these 11 patients suffered orbit invasion (*P* = 0.805).

Thirteen patients (14.4%) who presented with severe pain had histologic PNI, of which 3 patients had lesions on the upper eyelid, one had lesions on both the upper and lower eyelids, one had a lesion on the medial canthus, and one has a lesion on the lateral canthus. Nine of these 13 patients had well differentiated SCCs, two patients had moderately differentiated, and the other two patients were poorly differentiated. Seven patients (21.2%) had orbit invasion, and six patients (10.5%) were without orbit invasion. PNI had no significant correlation with the risk of orbit invasion (*P* = 0.165).

Local treatment of SCC includes wide local excision, Mohs micrographic surgery (MMS) and orbital exenteration. 21 patients (23.3%) underwent wide local excision, of which 3 patients (9.1%) had orbit invasion and 18 patients (31.6%) were without orbit invasion. 47 patients (52.2%) underwent MMS, of whom 8 (24.2%) had exhibited orbit invasion and 39 (68.4%) were without orbit invasion. The remaining 22 patients (24.4%) underwent orbital exenteration, all of whom (66.7%) had orbit invasion. According to our observations, orbit invasion was significantly associated with the choice of surgical treatment (*P* \< 0.01).

Postoperative Prognosis and Independent Prognostic Factors
----------------------------------------------------------

After a median follow-up of 49 months (range, 6--180 months), among the 33 patients who had orbit invasion, 19 patients remained relapse free, while 14 patients had local recurrence; this suggests that patients with orbit invasion had a higher risk of local recurrence (HR, 2.269, 95% CI, 1.029--5.001, *P* = 0.042). We then analyzed the relevance between orbit invasion and local recurrence by univariate Cox regression analysis ([Supplementary Figure 1](#SM1){ref-type="supplementary-material"}). The estimated recurrence-free survival time of patients with or without orbit invasion was 130.929 (111.486--150.372) months and 88.475 (65.240--111.674) months, respectively.

Prediction Model for Orbit Invasion
-----------------------------------

All variables involved in this analysis were derived from preoperative data. The tumor-related clinical features, including lesion site, lesion state, and whether it is accompanied by pain were assessed before surgery.

After analyzing the clinical features by chi-square tests (categoric variables) and independent sample *t* tests (continuous variables), clinical features with a *P* \< 0.2 were included as predictors in the multivariate predictive model. The final multivariable model included lesions at the medial canthus (OR, 4.947, 95% CI, 1.377--17.778, *P* = 0.014), the age at diagnosis (by 10-years interval, OR, 3.422, 95% CI, 1.286--9.103, *P* = 0.014), and bleeding in the lesion (OR, 3.005, 95% CI, 1.107--8.156, *P* = 0.031) as the three clinical features significantly associated with orbit invasion ([Table 2](#T2){ref-type="table"}).

###### 

The multivariate logistic regression analysis of orbital invasion.

                           **Odds ratio (95%CI)**   ***P*-value**
  ------------------------ ------------------------ ---------------
  Age/10                   0.590 (0.412--0.844)     0.004
  Bleeding in the lesion   3.480 (1.254--9.660)     0.017
  Medial canthus lesion    5.024 (1.409--17.912)    0.013

The nomogram developed from the final multivariable model for predicting SCC orbit invasion is shown in [Figure 2A](#F2){ref-type="fig"}. This three-item orbit-invasive risk score (age, lesion bleeding, and lesion site) assigned each factor a corresponding point value based on the correlation of each predictor with orbit invasion. The total risk points could be calculated by adding up the points of each risk factor, which could be obtained by drawing a vertical line to the "Points" axis. Then the predicted possibility of orbit invasion could be obtained by drawing a vertical line down from the "Total Points" axis to the "Orbit invasive risk" axis. The bootstrap validation method was used to validate the resulting model internally. The nomogram demonstrated relatively good performance in estimating the orbit invasion risk, with a C index of 0.77. In addition, the calibration plot graphically showed the consistency of orbit invasion between the risk predicted by the nomogram and actual risk confirmed by histopathologic examination ([Figure 2B](#F2){ref-type="fig"}).

![Nomogram to predict the risk of orbit invasion in patients of periocular SCC. **(A)** Risk curve refers to the orbit invasion possibility based on the risk scores of different risk factors. Histogram shows the distribution of risk factors scores in this cohort. The blue bar refers to low risk and the red bars refers to high risk. Instruction of the nomogram: Draw a vertical line from the end of the axis of each risk factor to the top line labeled "Points." Sum up the points of the three risk factors as total points. Then draw a vertical line down from the axis labeled "Total Points" to the bottom line labeled "Orbit invasive risk" to get the predicted possibility of orbit invasion. **(B)** The calibration plot showed the actual probability of orbit invasion over the predicted risk probability.](fonc-10-00564-g0002){#F2}

Patients with fewer than 30 points were considered to have low risk of orbit invasion. Patients with points between 30 and 75 points were medium-risk patients and were recommended to take orbit CT and MRI to exclude the possibility of orbital invasion. If orbital invasion is confirmed, ultrasonography of the cervical lymph nodes and parotid gland as well as chest CT and abdominal ultrasonography were recommended to exclude the possibility of parotid or lymph node metastases and distant metastases. Patients scoring higher than 75 points were at high risk. Thus, orbital CT and MRI, ultrasonography of cervical lymph nodes and parotid gland, as and a chest CT and abdominal ultrasonography were recommended to guide the choice of surgical approach ([Supplementary Figure 2](#SM2){ref-type="supplementary-material"}).

Discussion {#s4}
==========

This report constitutes the largest retrospective series of Chinese patients with periocular SCC. We found an orbit invasion rate of 36.7%, which was not very low in light of the low risk of SCC progressing to invasive status. Since a considerable number of patients were from rural areas, the economic level was low, there was a lack of health awareness, and delays in treatment were very common; patients often ignored the eyelid lesions until they developed severe symptoms, such as bleeding or pain, or eyelid function was affected. As of this writing, SCC is the most common secondary epithelial tumor in the orbit ([@B13]). SCC can be cured by surgical resection if it is diagnosed early. However, to cure orbit-invading SCC, orbital exenteration is often required.

Clinical Factors
----------------

In this study, we found the top three affected sites of SCC to be the upper eyelid (42.2%), the lower eyelid (33.3%), and the medial canthus (16.7%). The periocular distribution of SCC has always been a controversial topic. Previous reports have found that the site with the highest incidence of SCC was the lower eyelid, followed by the upper eyelid or the medial canthus ([@B2], [@B3], [@B11]). The difference in findings between our report and previously published studies may be related to the difference in the orbit structure between Asians and Caucasians. Caucasians tend to have deeper and wider orbits than Asians, and UV exposure has been proven to be a risk factor for SCC. The superior orbital rim projects more anteriorly in Caucasians. Thus, the upper eyelids of Asians tend to be more prominent, leading to greater direct solar exposure. This is also consistent with higher incidence, although not statistically significant, of periocular SCC on the left side in the Chinese population in the present study. In China, vehicles drive on the right side of road, which causes the left side of drivers to be more exposed to UV rays. However, single-center-based statistics for epidemiological studies may not be fully reliable due to the low incidence of SCC.

From our observation, the mean age of diagnosis was 68.78 years, which was slightly older than the average age of 66 years found in Australia and America ([@B3], [@B12]). This may be related to the fact that few Chinese people have tanning habits, which cause additional UV exposure.

Orbit Invasion
--------------

SCC is usually a non-lethal cancer, although when left untreated SCC could be aggressive and spread to nearby healthy tissue, causing serious complications ([@B14]). When the cancer is particularly large and deep or when it involves the mucous membranes, the risk of aggressive SCC is increased ([@B15]). As SCC progresses, it can grow continuously and can be accompanied by crusting or bleeding. We found that patients with bleeding in the lesion, which quite likely suggested a more aggressive SCC, had a greater risk of orbit invasion. We also found that the lesion site was related to the subclinical tumor extension of periocular SCC. Tumors that occurred at the medial canthus, which implied a greater possibility of involving the mucous membranes, were more likely to invade the orbit. The greatest risk factor for SCC was the total amount of exposure to UV radiation ([@B16]), so it is not difficult to understand that SCC mostly occurs in populations over 60 years old ([@B17]). From our observation, although patients under 63 years of age are less likely affected by SCC, they tend to have more aggressive SCC when affected, which may be the reason that individuals of younger age were more prone to orbital invasion. However, few years of age difference is clinically less meaningful, therefore, we chose to evaluate age at diagnosis in 10-years intervals to obtain a more clinically meaningful factor.

Previous research has suggested that human papillomavirus (HPV) infection is associated with cutaneous SCC ([@B18], [@B19]). Patients with the presence of PNI, with chronic immunosuppression and poor differentiation, proved to have high-risk lesions ([@B20]--[@B23]). Unfortunately, due to the insufficient sample size in our study, we failed to observe the relationship between viral infection, PNI, and immunosuppressive status and orbital invasion.

In the present study, we have not observed the correlation between diabetes and orbit invasion in periocular SCC due to the sample size limitations. But a recent study on cutaneous SCC has suggested that diabetes was a risk factor for recurrence in the Asian population ([@B24]). As diabetes is an immunocompromised state caused by hyperglycemia ([@B25], [@B26]), it is therefore associated with an increased risk of various malignancies. Thus, we hypothesize that there may be a potential association between diabetes and periocular SCC; we hope for this thesis to be confirmed in future studies of larger sample size.

Since only an estimated 3%−8% of untreated SCC *in situ* progresses to invasive SCC and most SCC lesions are limited to the eyelids ([@B27]), imaging examination of the orbit is not a routine examination item for patients with suspected SCC. Thus, the diagnosis of orbit-invading SCC mostly depends on the doctor\'s experience. To more reliably predict the possibility of orbit invasion, we developed and validated a new predictive tool using three easily accessible variables. This risk score can help doctors assess the risk of orbit invasion using clinical features. For patients deemed to be at high risk of orbit invasion, choosing to perform an imaging examination of the orbit might help to identity early orbit invasion and guide the choice of surgical approach and follow-up treatment. Furthermore, this risk score can also help doctors focus on prompting patients with the clinical features of risk factors when conducting health education.

Using the nomogram to estimate the risk of patients harboring orbit invasion and to guide clinical treatment is a new concept. Because orbit invasive status is not the only factor determining the therapeutic procedures of periocular SCC, other factors that are not included in this model, such as the overall performance of patients, whether the patient is immunosuppressed, and tumor size, should also be considered.

Study Limitations
-----------------

The current research still has a few limitations. SCC arising in scars and in chronically immunosuppressed patients might indicate a risk of orbit invasion, but due to the small number of such cases, the risk score could not be accurately calculated. In addition, the viral infection and underlying diseases, including diabetes and hypertension, were also not statistically significant due to the small sample size and lack of data. Furthermore, this study only included the patients from the Chinese population; thus, the generalizability of our results to other populations outside China is uncertain. Evaluation in a wider SCC population is still necessary. Finally, all data used in this analysis was from a single institution; it is necessary to verify for similar results from other centers.

Conclusion {#s5}
==========

In summary, orbit invasion in periocular SCC usually suggests a more aggressive lesion and a worse prognosis. Therefore, we suggest a routine calculation of orbit invasion risk score when evaluating patients with suspected SCC. For high-risk patients, imaging examination of the orbit is recommended, and appropriate treatment as well as closer follow-up should be performed. The risk score model for orbital invasion can act as a supportive tool for optimized clinical evaluation and treatment decisions.
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Recurrence-free survival in patients with or without orbit invasion using Cox regression univariate analysis (*P* = 0.042).
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Click here for additional data file.
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The decision tree visualized the different recommendation for further examination and treatment based on the risk score.
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Click here for additional data file.
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